Objectives-To assess the distribution of personal exposures to nitrogen dioxide (NO2) in school children, and to investigate factors that might influence personal exposure.
Methods-NO, exposures were assessed by use of passive diffusion tubes for 46 children aged 9-11 years, selected from two Southampton schools. The tubes were worn for seven days, and parallel measurements were made with static samplers in the child's kitchen, living room, classroom, and playground. Information about potential exposures was collected by questionnaire. Results-Personal exposures to NO2, averaged over seven days, ranged from 11 to 257 4ug/m3 (6 to 137 ppb) with a geometric mean of 36 ,uglm' (19 ppb). Exposures correlated with concentrations of NO2 recorded in the home, but the relation was far from exact. Factors associated with increased personal exposure included the use of gas appliances in the home, living with one or more smokers, and travel to school by means other than a car. However, together these variables only explained a small part of the variation in personal exposures. Conclusions-These findings reinforce the need for personal monitoring of exposure in studies investigating potential health effects of NO2 in children.
(Occup Environ Med 1996;53:200-203) Keywords : nitrogen dioxide; asthma; personal monitoring Nitrogen dioxide (NO2) is a major air pollutant, both indoors and outdoors. It is formed in combustion processes, either directly or through secondary oxidation of nitric oxide (NO). The main outdoor sources in the United Kingdom are motor vehicles and power stations, and indoor sources are principally natural gas for cooking and heating.
Epidemiological studies have linked domestic exposure to NO2 with higher rates of respiratory illness in children,23 although the findings have not been entirely consistent.45 An increased risk of respiratory disease might occur through an effect on the immune response to infections.6 Also, recent experiments have indicated that NO2 may potentiate the response of asthmatic patients to inhaled allergens. 78 A weakness of many of the published epidemiological studies is their reliance on indirect indices of domestic exposure to NO2 such as the use of gas for cooking. Even where NO, has been measured in homes, the concentrations may not reliably reflect personal exposures. There is a need for further epidemiological research with direct measures of personal exposure to NO2, concentrating particularly on potentially vulnerable groups such as asthmatic children. As a prelude to such a study, we have carried out a survey to assess the distribution of personal exposures to NO, in a sample of school children, and to investigate factors which might influence personal exposure.
Method
The study was carried out at two schools in different neighbourhoods of Southampton, previously found to have contrasting concentrations of NO2 in outdoor air.9 Both schools used gas fired central heating. With permission from the teaching staff, letters were sent to the parents of two classes of 9-11 year old children inviting them to participate in the survey.
Those who agreed were asked to complete a self administered questionnaire asking about potential exposures to NO, including the presence of gas appliances in the home, the number of smokers in the household, and how the child travelled to and from school.
Exposures to NO2 were measured by passive sampling with Palmes diffusion tubes. Each child was asked to wear diffusion tubes for the same three separate seven day periods between January and March 1994. Two of the study weeks were during the school term (which allowed the repeatability of the measurements to be examined), and the third covered the half term holiday. Instructions on how to wear the tubes were provided orally and in a simple booklet, and included advice on how to avoid getting the tubes wet or damaged. The tubes were attached to necklaces, and taken off and placed in the bedroom at night.
In the same weeks, the subjects were asked to place two further tubes in their homes, one in the kitchen and one in the living room. Specially designed holders were provided to position the tubes, and the booklet gave instructions on their siting (about iurements than week 1 (27 jig/M3), whereas at the other dren had school they were virtually unchanged (23 g/m3 dur-pug/m3 in week 1, and 24 yug/m3 in week 2). including Figure 2 compares personal NO, measureoncentra-ments during week 3 (half term holiday week) '04 pg/in with those recorded in the same children in weeks 1 and 2. In all but one child, the conexposures centration was lower in week 3. who proForty four children provided NO2 samples %riods. In from their kitchen and living room for at least l week 2 one week of the study (40 in week 1, 33 in he differ-week 2, and 22 in week 3). Concentrations the vari-were again distributed in a log normal fashion [dren. In with a geometric mean (range) of 52 in the pIg/M3 for kitchens and 40 When the measurements obtained from the outlying child were excluded from the analysis, the correlations were weaker, and in week 2, they ceased to be significant. Questionnaires about possible exposures to NO, were completed by 43 children. Table 2 shows the influence of these variables on personal NO2 concentrations when they were examined in separate regression models. Results are presented for weeks 1 and 2 when the children were at school, and week 3, when they were on holiday. Unfortunately, the child with very high NO2 exposures did not return a questionnaire. In weeks 1 and 2, personal exposure was positively associated with the presence of gas appliances in the home, at least one smoker in the household, and travel to school by cycle, bus, or foot. However, together these variables accounted for less than 30% of the variation in personal exposure, and only one association-that with a gas cooker having a pilot light-was significant at the 5% level. Also, there was a significant negative association with travelling to school by car. In week 3, the estimated influence of gas appliances in the home was larger, but because fewer children were included in the analysis, none of the associations were significant.
Discussion
In the sample of schoolchildren studied, personal exposures to NO2 averaged over a week were almost all in the range 10-80 pg/mi. The variation between children was greater than that between different time periods in the same child, although personal exposures clearly changed from week to week. Differences between children were influenced by the presence of gas appliances in the home, living with one or more smokers, and means of transport to and from school, but together these variables only explained a small part of the variation in personal exposures. Personal exposures correlated with concentrations of NO2 measured in the home, but the relation was far from exact. Despite previous findings9 there was no notable difference between either indoor or outdoor NO, concentrations at the two schools or between the two sets of pupils' personal exposure measurements.
The technique that we used for passive monitoring of NO, is well established and reliable. The use of passive diffusion tubes for monitoring both indoor and outdoor locations has been thoroughly investigated,"3 and the detection limit for a one week exposure time is approximately 3 jig/M3. ' Although some children did not complete questionnaires and many did not provide NO, measurements in all three weeks of the survey, the overall response to the study was good. Compliance with the protocol was encouraged by making the survey part of a school project carried out by the children, and teachers ensured that children were wearing their diffusion tubes correctly during school hours. Also, care was taken to ensure that tubes were uncapped and recapped at the correct times. Thus, we have no reason to suspect serious errors in the collection of samples.
In several homes the average weekly concentrations of NO, in kitchens or living rooms exceeded the current European Union's guide value for outdoor concentrations of 135 jug/m3, expressed in terms of the 98th percentile of hourly means over one year. Of these homes, all used gas, or a combination of gas and electricity, for cooking. As cooking is carried out intermittently, short term concentrations in kitchens may have been substantially higher. Studies of mothers and young children in the Netherlands'5 and of adults in the United States'6 have suggested that indoor concentrations of NO, provide a good estimate of personal exposure, but this was not the case in our study. The discordance could be explained by the fact that our subjects were all children aged 9-11 years, a group who may spend more time out of the house than women and younger children, and less time in the kitchen during the preparation and cooking of meals.
As well as gas appliances in the home, factors that were associated with higher personal exposure to NO, included the presence of one or more smokers in the household, and travel to school by means other than a car. Cigarette smoking in indoor environments is known to increase concentrations of NO2, depending upon the number of smokers, the intensity of smoking, and ventilation rates." The lower exposures in children who travelled to school by car may, in part, reflect a shorter journey time with less exposure to traffic fumes. 
